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Abstract 
Sparganosis, caused by the plerocercoid larvae of members of the genus Spirometra, can cause 
significant public health problem and considerable economic losses. In the present study, the 
complete mitochondrial DNA (mtDNA) sequence of Spirometra erinaceieuropaei from China 
was determined, characterized and compared with that of S. erinaceieuropaei from Japan. The 
gene arrangement in the mt genome sequences of S. erinaceieuropaei from China and Japan is 
identical. The identity of the mt genomes was 99.1% between S. erinaceieuropaei from China 
and Japan, and the complete mtDNA sequence of S. erinaceieuropaei from China is slightly 
shorter (2 bp) than that from Japan. Phylogenetic analysis of S. erinaceieuropaei with other 
representative cestodes using two different computational algorithms [Bayesian inference (BI) 
and maximum likelihood (ML)] based on concatenated amino acid sequences of 12 pro-
tein-coding genes, revealed that S. erinaceieuropaei is closely related to Diphyllobothrium spp., 
supporting classification based on morphological features. The present study determined the 
complete mtDNA sequences of S. erinaceieuropaei from China that provides novel genetic 
markers for studying the population genetics and molecular epidemiology of S. erinaceieuropaei 
in humans and animals. 
Key words: Spirometra erinaceieuropaei, sparganosis, mitochondrial genome, mitochondrial DNA, 
phylogenetic analyses. 
Introduction 
Cestodes (Cestoda, Platyhelminthes) are a highly 
diversified  group  of  parasites,  and  the  majority  of 
cestodes  can  cause  serious  diseases  in  humans  and 
animals  globally,  such  as  dipylidiasis,  hydatidosis, 
cysticercosis, diphyllobothriasis and sparganosis [1]. 
Human  sparganosis  is  a  neglected  parasitic  disease 
caused  by  the  plerocercoid  larvae  (spargana)  of 
members of the genus Spirometra [2]. Spirometra erina-
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ceieuropaei  and  S.  mansonoides  are  responsible  for 
sparganosis in Asia and Americas, respectively [3].  
Mitochondrial  DNA  (mtDNA)  sequences  have 
provided genetic markers for addressing questions in 
systematics  and  population  genetics  of  Spirometra 
cestodes.  A  recent  study  showed  that  mtDNA  cox1 
sequences are useful genetic markers for the identifi-
cation  of  species  within  Spirometra  [4].  Employing 
mtDNA  cox1  gene  sequences,  a  previous  study 
demonstrated that S. erinaceieuropaei and S. proliferum 
are distinct species [5]. Although the single gene or 
single  region  of  mtDNA  have  been  considered  as 
useful molecular markers, the complete  mt genome 
sequences have significantly improved the power and 
resolution  of  phylogenetic  analysis  compared  with 
single gene or single region of mtDNA [6-8]. Addi-
tionally, the complete mt genome sequences allow for 
more accurate resolution of taxonomic relationships 
even at deep levels than single gene or single region of 
mtDNA [9].  
Metazoan  mitochondrial  (mt)  genomes  contain 
36-37  genes,  including  12-13  protein-coding  genes 
(PCGs), two ribosomal  RNAs (rRNA) genes and 22 
transfer RNAs (tRNA) genes necessary for translation 
of the proteins encoded by mt DNA (mtDNA) [10]. 
mtDNA sequences have been widely used as genetic 
markers not only for studies of population or ecolog-
ical  genetics,  but  also  for  phylogenetic  and  evolu-
tionary analyses due to its maternal inheritance, rapid 
evolutionary  rate,  lack  of  recombination,  and  rela-
tively conserved genome structures [11-15]. Although 
Cestoda is a large animal class, to date the complete 
mt genomes of only 19 species have been sequenced 
and deposited in GenBank. In particular, in the order 
Pseudophyllidea,  the  complete  mt  genomes  of  only 
three  species  have  been  reported,  namely  Diphyllo-
bothrium latum  and  D. nihonkaiense  [4],  and  S. erina-
ceieuropaei  from  Japan  (GenBank  accession  No. 
NC_011037).  The  mt  genome  of  S.  erinaceieuropaei 
from a snake in Japan has been sequenced, but S. eri-
naceieuropaei isolated from different hosts and differ-
ent  geographic  origins  may  have  some  differences 
because a previous study indicated that mt genomes 
for N. americanus from two endemic regions showed 
substantial sequence variation [16]. Moreover, the mt 
genome of S. erinaceieuropaei from Japan has not been 
characterized yet. 
The objectives of the present study were: (i) to 
characterise the mt genome of S. erinaceieuropaei from 
China, (ii) to compare this mt genome with that of S. 
erinaceieuropaei  from  snake  in  Japan,  (iii)  to  test  the 
hypothesis that S. erinaceieuropaei from different hosts 
and different geographic origins have significant nu-
cleotide  sequence  differences  in  their  mt  genomes, 
and (iv) to re-construct the phylogenetic relationships 
of the class Cestoda using mtDNA sequence data. 
 
Materials and Methods 
Parasites and DNA extraction 
An adult cestode representing S. erinaceieuropaei 
was obtained from the small intestine of an infected 
farmed  dog  at  a  slaughterhouse  in  Zhanjiang, 
Guangdong province, China. The cestode was washed 
in  physiological  saline,  identified  preliminarily  to 
species  based  on  host  preference,  morphological 
characters  and  predilection  sites  [17],  fixed  in  70% 
(v/v) ethanol and stored at -20°C until use.  
 Total  genomic  DNA  was  isolated  form  this 
tapeworm using sodium dodecyl sulphate/proteinase 
K  treatment,  followed  by  spin-column  purification 
(Wizard®  SV  Genomic  DNA  Purification  System, 
Promega).  The  identity  of  this  specimen  was  con-
firmed as S. erinaceieuropaei by polymerase chain re-
action (PCR) amplification and subsequent sequenc-
ing of the ITS-1 and ITS-2  rDNA using primers re-
ported previously [18]. 
Amplification and sequencing of partial cox3, 
nad4, cox1 and rrnS 
Initially, fragments of cox3, nad4 and rrnS genes 
were  amplified  individually  from  S.  erinaceieuropaei 
(China  isolate)  by  PCR  with  primers  (Table  1)  de-
signed based on mtDNA sequences well-conserved in 
S.  erinaceieuropaei  (Japan  isolate,  GenBank  accession 
No. NC_011037) (Table 2) by using Program Primer 
Primer 5.0 (PREMIER Biosoft International). Primers 
JB3 and JB4.5 [19] were utilized to amplify the partial 
cox1 gene of S. erinaceieuropaei (China isolate) (Table 
1). PCR reactions (25 mL) were performed in 10 mM 
Tris-HCl (pH 8.4), 50 mM KCl, 4 mM MgCl2, 200 mM 
each of dNTP, 50 pmol of each primer and 2 U Taq 
polymerase  (Takara)  in  a  thermocycler  (Biometra) 
under the following conditions: after an initial dena-
turation at 94 °C for 5 min, then 36 cycles at 94 °C for 
30 s (denaturation), 55 °C (for cox1) or 50 °C (for cox3) 
or 54 °C (for nad4 and rrnS) for 30 s (annealing), 72 °C 
for 30 s (extension), followed by 72 °C for 5 min (final 
extension). One microliter (5-10 ng) of genomic DNA 
was added to each PCR reaction. Each amplicon (5 µL) 
was examined by (1%) agarose gel electrophoresis. 
 
 Int. J. Biol. Sci. 2012, 8 
 
http://www.biolsci.org 
642 
Table 1. Sequences of primers used to amplify PCR fragments from Spirometra erinaceieuropaei. 
Name of primer  Sequence (5’ to 3’) 
Short-PCR   
cox3-F   TGCATTTTGGTTATTTATTCTTAG        
cox3-R   ACGATAGGCCCCGGCTGAAG     
nad4-F  GGTTCCGTTATTTCCATTTCA 
nad4-R  TACTACCCTCAAAAGACTCACCACG 
JB3    TTTTTTGGGCATCCTGAGGTTTAT      
JB4.5  TAAAGAAAGAACATAATGAAAATG    
rrnS-F  ATTGCGTAGTGAGGGGGATTA    
rrnS-R  CTGGGGCTACCTTGTTACGACTTA  
Long-PCR   
cox3-F  TGCATTTTGGTTATTTATTCTTAG 
nad4-R  TACTACCCTCAAAAGACTCACCACG 
SEND41F   CTGCGAGGTATTTGTGCTGTCTTCTTCA 
SECO11R   CACAGGCTCACGCAACGAAACACGACTA             
JB3  TTTTTTGGGCATCCTGAGGTTTAT 
rrnS-R  CTGGGGCTACCTTGTTACGACTTA 
SERNS1F   CCTGTAATGGTTTATGTTTTAGGACTTG        
SECO31R    CAAAATGTCAATACCAAGTAACTAAAG  
 
Table 2. Mitochondrial genome organization of Spirometra erinaceieuropaei from China and Japan. 
Gene/region 
 
Positions and nt size (bp)  Ini/Ter codon  Anticodons 
SEC  SEJ  SEC  SEJ     
tRNA-Tyr (Y)  1-68 (68)  1-68 (68)      GTA 
Non-coding region (NC)  69-272 (204)  69-272 (204)       
tRNA-LeuCUN (L1)  273-340 (68)  273-340 (68)      TAG 
tRNA-SerUCN (S2)  343-407 (65)  343-407 (65)      TGA 
tRNA-LeuUUR (L2)  412-476 (65)  412-476 (65)      TAA 
tRNA-Arg (R)  492-548 (57)  492-548 (57)      ACG 
nad5  552-2117 (1566)  552-2120 (1569)  ATG/TAA  ATG/TAA   
Non-coding region (NR)  2118-2291 (174)  2121-2294 (174)       
tRNA-Gly (G)  2292-2368 (67)  2295-2361 (67)      TCC 
cox3  2362-3004 (643)  2365-3007 (643)  GTG/T  GTG/T   
tRNA-His (H)  3005-3073 (69)  3008-3076 (69)      GTG 
cytb  3077-4186 (1110)  3080-4189 (1110)  ATG/TAA  ATG/TAA   
nad4L  4191-4451 (261)  4194-4454 (261)  ATG/TAG  ATG/TAG   
nad4  4412-5665 (1254)  4415-5668 (1254)  ATG/TAG  ATG/TAG   
tRNA-Gln (Q)  5666-5729 (64)  5669-5732 (64)      TTG 
tRNA-Phe (F)  5726-5789 (64)  5729-5792 (64)      GAA 
tRNA-Met (M)  5786-5853 (68)  5789-5856 (68)      CAT 
atp6  5857-6372 (516)  5860-6375 (516)  ATG/TAA  ATG/TAA   
nad2  6380-7252 (873)  6383-7255 (873)  ATG/TAG  ATG/TAG   
tRNA-Val (V)  7263-7327 (65)  7266-7330 (65)      TAC 
tRNA-Ala (A)  7345-7405 (61)  7348-7408 (61)      TGC 
tRNA-Asp (D)  7411-7474 (64)  7414-7477 (64)      GTC 
nad1  7475-8365 (891)  7478-8368 (891)  ATG/TAA  ATG/TAA   
tRNA-Asn (N)  8371-8436 (66)  8374-8439 (66)      GTT 
tRNA-Pro (P)  8443-8508 (66)  8446-8510 (65)      TGG 
tRNA-Ile (I)  8514-8577 (64)  8516-8579 (64)      GAT Int. J. Biol. Sci. 2012, 8 
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Gene/region 
 
Positions and nt size (bp)  Ini/Ter codon  Anticodons 
SEC  SEJ  SEC  SEJ     
tRNA-Lys (K)  8584-8646 (63)  8586-8648 (63)      CTT 
nad3  8650-8995 (346)  8652-8997 (346)  ATG/T  ATG/T   
tRNA-SerAGN (S1)  8996-9054 (59)  8998-9056 (59)      GCT 
tRNA-Trp (W)  9057-9122 (66)  9059-9124 (66)      TCA 
cox1  9130-10695 (1566)  9132-10697 (1566)  ATG/TAG  ATG/TAG   
tRNA-Thr (T)  10686-10755 (70)  10688-10757 (70)      TGT 
rrnL   10756-11728 (973)  10758-11730 (973)       
tRNA-Cys (C)  11729-11793 (65)  11731-11795 (65)      GCA 
rrnS  11794-12523 (730)  11796-12525 (730)       
cox2  12524-13093 (570)  12526-13095 (570)  ATG/TAA  ATG/TAA   
tRNA-Glu (E)  13099-13163 (65)  13101-13165 (65)      TTC 
nad6  13168-13635 (468)  13170-13637 (468)  ATG/TAA  ATG/TAA   
SEC: S. erinaceieuropaei (China isolate), SEJ: S. erinaceieuropaei (Japan isolate).  
Ini/Ter codons: initiation and termination codons. 
 
 
 
Long-PCR amplification and sequencing 
The  obtained  partial  cox1, cox3,  nad4  and  rrnS 
sequences  were  compared  with  the  corresponding 
sequences  of  S.  erinaceieuropaei  mt  genome  (Japan 
isolate, NC_011037) using the program Clustal X 1.83 
[20], and then primers (Table 1) were designed in the 
conserved regions to amplify the complete mt genome 
of S. erinaceieuropaei (China isolate). Long-PCR reac-
tions (25 μl) were performed in 2 mM MgCl2, 0.2 mM 
each of dNTPs, 2.5 μl 10× rTaq buffer, 2.5 μM of each 
primer, 1.25 U rTaq polymerase (Takara), and 1 μl of 
DNA sample in a thermocycler (Biometra) under the 
following conditions: 92 °C for 2 min (initial denatur-
ation), then 92 °C for 10 s (denaturation), 50 °C or 55 
°C for 30 s (annealing), and 60 °C for 10 min (exten-
sion) for 10 cycles, followed by 92 °C for 10 s, 50 °C or 
55 °C for 30 s, and 60 °C for 10 min for 20 cycles, with 
a cycle elongation of 10 s for each cycle and a final 
extension at 60 °C for 10 min. Samples not containing 
DNA (no-DNA controls) were included in each am-
plification  run,  and  in  neither  case  were  amplicons 
detected  in  the  no-DNA  controls  (data  not  shown). 
Each amplicon (5 µL) was examined by agarose (1%) 
gel  electrophoresis,  stained  with  ethidium  bromide 
and photographed using a gel documentation system 
(UVItec).  PCR  products  were  sent  to  Sangon  Com-
pany  (Shanghai,  China)  for  sequencing  from  both 
directions using a primer walking strategy. 
Sequence analyses 
Sequences  were  assembled  manually  and 
aligned against the complete mt genome sequence of 
S. erinaceieuropaei (Japan isolate) using the computer 
program Clustal X 1.83 to identify gene boundaries. 
Sequence  differences  between  the  S.  erinaceieuropaei 
China and Japan isolates were calculated by pairwise 
comparisons using the formula D = 1 - (M/L), where M 
is the number of alignment positions at which the two 
sequences have a base in common, and L is the total 
number  of  alignment  positions  over  which  the  two 
sequences  are  compared  [21].  Gene  annotation,  ge-
nome organization, translation initiation, translation 
termination  codons  and  the  boundaries  between 
PCGs of the mt genome sequence of S. erinaceieuropaei 
(China isolate) were identified based on comparison 
with  the  mt  genome  sequence  of  S.  erinaceieuropaei 
(Japan  isolate)  reported  previously.  The  amino  acid 
sequences  deduced  from  open-reading  frames  were 
aligned with those of S. erinaceieuropaei (Japan isolate) 
by using Clustal X 1.83. Based on pairwise compari-
son, amino acid identity (%) was calculated for ho-
mologous genes. For analyzing ribosomal RNA genes, 
putative secondary structures of 22 tRNA genes were 
identified using tRNAscan-SE [22], or by recognizing 
potential  secondary  structures  and  anticodon  se-
quences by eye by comparison with that of S. erina-
ceieuropaei (Japan isolate).  
Sliding window analysis of nucleotide variation 
To  detect  variable  nucleotide  sites,  pairwise 
alignments of the complete genomes including tRNA 
and all intergenic spacers were performed using the 
program Clustal  X 1.83. The complete alignment  of 
nucleotides  of  the  4  Pseudophyllidea  cestode 
mtDNAs was used to effect sliding window analyses Int. J. Biol. Sci. 2012, 8 
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using DnaSP v5 [23]. A sliding window of 300 bp and 
steps of 10 bp were used to estimate nucleotide di-
versity Pi (π) for the complete alignment. Nucleotide 
diversity  for  the  complete  alignment  was  plotted 
against mid-point positions of each window, and gene 
boundaries were indicated.  
Phylogenetic analyses 
Phylogenetic  relationships  among  19  cestode 
species were reconstructed using Ascaris suum (Gen-
Bank accession No. HQ704901), an ascaridoid nema-
tode, as the outgroup, based on amino acid sequences 
of 12 PCGs. Each gene was translated into amino acid 
sequence using the invertebrate mitochondrial genetic 
code in MEGA 5.0 [24] , and aligned on the basis of its 
amino acid sequence, using default settings, and am-
biguously  aligned  regions  were  excluded  using  the 
Gblocks  online  server  [25]  (http://molevol.cmima. 
csic.es/castresana/Gblocks_server.html)  using  the 
options for a less stringent selection. The final amino 
acid sequences of the 12 PCGs were then concatenated 
into single alignments for phylogenetic analyses.  
Two  inference  methods,  namely,  Bayesian  in-
ference (BI) and maximum likelihood (ML) were used 
for  phylogenetic  re-constructions.  BI  analyses  were 
conducted with four independent Markov chains run 
for 1,000,000 metropolis-coupled MCMC generations, 
sampling  a  tree  every  100  generations  in  MrBayes 
3.1.1 [26]. The first 2,500 trees were omitted as burn-in 
and  the  remaining  trees  were  used  to  calculate 
Bayesian  posterior  probabilities  (PP).  ML  analyses 
were  performed  using  PhyML  3.0  [27],  and  the 
JTT+G+F  (lnL  =  −50057.3646,  Gamma  distribution 
parameter α = 0.5034) model with its parameter for 
the concatenated dataset was determined for the ML 
analysis using MEGA 5.0 based on the Akaike infor-
mation criterion (AIC). Bootstrap support for ML trees 
was calculated using 100 bootstrap replicates. Phylo-
grams were drawn using the Tree View program ver-
sion 1.65 [28].  
Results and Discussion 
 Genome organization and structure 
The  complete  mt  genome  of  S.  erinaceieuropaei 
(China  isolate)  was  amplified  in  four  overlapping 
long fragments between cox3 and nad4 (approximately 
3.1 kb), between nad4 and cox1 (approximately 4.6 kb), 
between  cox1  and  rrnS  (approximately  2.7  kb)  and 
between  rrnS  and cox3 (approximately  3.5  kb).  The 
complete  mt  genome  sequence  of S. erinaceieuropaei 
(China isolate) was 13,641 bp in size (Fig. 1), and it has 
been deposited in the GenBank under the accession 
number JQ267473. The S. erinaceieuropaei (China iso-
late) mt genome sequence (13,641 bp) was 2 bp shorter 
than  that  of  S.  erinaceieuropaei  (Japan  isolate).  The 
slight discrepancy of nucleotide size is likely due to 
difference in their hosts, developmental stages or ge-
ographical  locations.  The  S.  erinaceieuropaei  China 
specimen (adult) was collected from a dog, while the 
S. erinaceieuropaei Japan isolate (larva) was collected 
from  a  snake.  The  mt  genome  of  S. erinaceieuropaei 
(China  isolate)  contains  12  PCGs  (cox1-3,  nad1-6, 
nad4L,  atp6  and  cytb),  22  transfer  RNA  genes,  two 
ribosomal  RNA  genes  and  two  non-coding  regions 
(Table 2). All genes are transcribed in the same direc-
tion as other cestode species sequenced to date. These 
results indicate that the organization of mt genomes 
among sequenced cestodes is conserved, which may 
provide mtDNA evidence for the validity of the Ces-
toda as a unique animal class.  
 
 
 
 
 
Fig. 1 Arrangement of the mitochondrial genome of Spirometra 
erinaceieuropaei (China isolate). Gene scaling is only approximate. 
All genes are coded by the same DNA strand and are transcribed 
clockwise. All genes have standard nomenclature except for the 22 
tRNA genes, which are designated by the one-letter code for the 
corresponding amino acid, with numerals differentiating each of 
the two leucine- and serine-specifying tRNA (L1 and L2 for codon 
families CUN and UUR, respectively; S1 and S2 for codon families 
AGN and UCN, respectively). ‘‘NR’’ refers to a small noncoding 
region. ‘‘NC’’ refers to a large noncoding region. 
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The  mt  genome  sequence  of  S.  erinaceieuropaei 
(China isolate) has high T content and low C content 
(T=45.9%, A=20.4%, G=22.6%, C=11.1%), and its A+T 
content was 66.3%, in accordance with mt genomes of 
other Pseudophyllidea species sequenced to date [4]. 
The identity of the nucleotide sequences between mt 
genomes  of S. erinaceieuropaei (China  isolate)  and  S. 
erinaceieuropaei (Japan isolate) is 99.1%. Interestingly, 
the mt genomes of S. erinaceieuropaei (China and Japan 
isolates)  have  20  intergenic  regions,  excluding  the 
non-coding regions (Table 2). Even more noteworthy, 
the sizes and locations of these intergenic regions of 
both  mt  genomes  were  identical  (Table  2).  Further-
more, previous studies have shown that the intergenic 
regions of mt genome of metazoans contain signals 
for transcription initiation and replication [29]. 
Protein-coding genes, transfer RNA genes, 
ribosomal RNA genes and non-coding regions 
The boundaries between PCGs of mt genome of 
S. erinaceieuropaei (China isolate) were determined by 
aligning their sequences and by identifying transla-
tion initiation and termination codons with compari-
son to those of S. erinaceieuropaei (Japan isolate). The 
longest genes are cox1 and nad5 genes (Table 2).  
A total of 3356 amino acids are encoded in the mt 
genome of S. erinaceieuropaei (China isolate). All PCGs 
use ATG or GTG as their initiation codon, which en-
codes methionine and valine that is consistent with 
those  of  S. erinaceieuropaei (Japan  isolate).  Although 
ATG is the most common initiation codon, unusual 
initiation  codons  such  as  GTG  and  GTT  were  also 
reported for some cestodes [30, 31]. All genes have 
complete termination codon, except for cox3 and nad3 
genes which uses incomplete termination codon (T) as 
termination codon. 6 genes (cox2, nad1, nad6, nad5, cytb 
and atp6) use TAA and 4 genes (cox1, nad2, nad4L and 
nad4) use TAG as termination codon.  Incomplete  ter-
mination codons (T or TA) as termination codon are 
also present in other cestodes [4, 32]. 
The sizes of 22 tRNA genes identified in the mt 
genome  of  S. erinaceieuropaei (China  isolate)  ranged 
from 57 to 69 nucleotides (nt) with differences in stem 
and loop sizes of dihydrouridine (D) and TCC arms. 
Their putative secondary structures (not shown) are 
similar to those of other Pseudophyllidea cestodes [4], 
indicating their similar functions.  
The  rrnL  and  rrnS  genes  of  S.  erinaceieuropaei 
(China  isolate)  were  identified  by  comparison  with 
that of S. erinaceieuropaei (Japan isolate). The rrnL is 
located between tRNA-Thr and tRNA-Cys, and rrnS is 
located between tRNA-Cys and cox2. The sizes of the 
rrnL and rrnS genes are 973 bp and 730 bp both for S. 
erinaceieuropaei (China  isolate)  and  S. erinaceieuropaei 
(Japan isolate), respectively (Table 2). Sequence iden-
tity in the rrnL and rrnS genes are 98.6% and 99.3% 
between S. erinaceieuropaei (China isolate) and S. eri-
naceieuropaei (Japan isolate), respectively. 
mtDNA sequences of most cestodes contain two 
non-coding  regions  with  significant  size  difference. 
The large non-coding region (NC) in the mt genome 
of the S. erinaceieuropaei (China isolate) is located be-
tween the tRNA-Tyr and tRNA-LeuCUN, its size is 204 
bp, and its A+T content is 71.6%, whereas the small 
non-coding region (NR) in the mt genome of the S. 
erinaceieuropaei (China isolate) is located between the 
nad5 and tRNA-Gly, its length is 174 bp, and its A+T 
content  is  63.8%,  which  are  identical  to  those  of  S. 
erinaceieuropaei (Japan isolate). 
Moreover,  the  non-coding  regions  in  S.  erina-
ceieuropaei  (both  China  and  Japan  isolates)  contain 
continuous A or T base, similar to those of some Tae-
nia species [13]. The non-coding regions are known to 
be related to the origin of replication in both verte-
brates and invertebrates [10]. 
Levels of variability in mtDNAs among Pseu-
dophyllidea cestodes  
Sliding window analysis of the complete nucle-
otide alignment of 4 available Pseudophyllidea ces-
tode  mtDNAs  provided  an  indication  of  nucleotide 
diversity Pi (π) within and between mt genes (Fig. 2). 
In the curve, the nucleotide variation within and be-
tween mt genes among the aligned Pseudophyllidea 
cestode mt genomes was intuitively displayed for any 
given window of 300 bp and steps of 10 bp, with the π 
ranging from 0.055 to 0.297. Coupled with computa-
tion  of  the  number  of  variable  positions  per  unit 
length of gene, the sliding window indicated that the 
PCGs  with  high  sequence  variability  included  nad6 
(0.372),  nad5  (0.37),  nad2  (0.331),  atp6  (0.316),  nad3 
(0.31)  and  nad4  (0.3),  while  the  genes  with  low  se-
quence variability included cox3 (0.299), cytb (0.263), 
nad4L (0.257), nad1 (0.251), cox1 (0.21) and cox2 (0.195). 
In this study, the cox2 and cox1 genes are the most 
conserved  PCGs,  and  nad6  and  nad5  are  the  least 
conserved  PCGs.  Given  the  lowest  and  the  highest 
sequence variability, cox2 (0.195) and nad6 (0.372) can 
be considered as the best markers in future studies of 
phylogenetics, population genetics and diagnostics of 
the Pseudophyllidea cestodes. Obviously, these genes 
are also more variable than the cox1 gene in the pre-
sent study (0.21 for cox1), not consistent with that of 
previous studies [33,34]. Currently, mt genes such as 
cox1 and cytb have been used as targets for PCR-based 
approaches  for  the  identification  and  diagnosis  of 
cestodes [35,36]. These results suggest that cox1 gene 
may not be the most informative or most suitable for Int. J. Biol. Sci. 2012, 8 
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all cestode taxa although it has commonly been op-
tioned as molecular markers. Our resultes indicated 
that  sliding  window  analyses  could  define  genetic 
markers  for  population  genetics  and  systematics 
studies of cestodes.  
Nucleotide variation in mtDNA sequences 
between S. erinaceieuropaei from China and 
Japan 
Sliding  window  analysis  of  the  nucleotide 
alignment  of  S. erinaceieuropaei  mtDNA  from  China 
and  Japan  provided  an  indication  of  nucleotide  di-
versity (π) within or between mt genes (Fig. 3). The 
plot readily shows the high degree of nucleotide var-
iation within or between genes amongst the aligned S. 
erinaceieuropaei genomes for any given window of 300 
bp (π) ranges from 0 to 0.043). Sliding window analy-
sis indicates that genes with high sequence variability 
included  cytb  (0.023),  nad4  (0.022)  and  cox1  (0.012). 
Genes with no sequence variability include nad1, cox2 
and nad6. Based on these results, it seemed that nad1 
and  cox2  are  the  most  conserved  protein-coding 
genes, and cytb and nad4 show high sequence varia-
bility between S. erinaceieuropaei from China and Ja-
pan.  These  results  indicated  that  cytb  and nad4  se-
quences provide alternative new genetic markers for 
population genetic studies of S. erinaceieuropaei from 
different hosts and different geographic origins.  
Phylogenetic analyses 
Phylogenetic  analyses  of  cestodes  using  two 
methods (BI and ML) yielded identical tree topologies 
based  on  concatenated  amino  acid  sequences  of  12 
protein genes, all revealed distinct groups with high 
statistical  support,  and  demonstrated  that  S.  erina-
ceieuropaei is closely related to Diphyllobothrium spp. 
(Fig. 4), consistent with that of a previous study using 
cox1 sequences [37], supporting classification based on 
morphological features [38]. In this tree, Cyclophyl-
lidea  and  Pseudophyllidea  form  monophyletic 
groups.  Within  the  Cyclophyllidea  clade,  Hyme-
nolepididae  and  Taeniidae  form  monophyletic 
groups. Within the Cyclophyllidea clade, Echinococcus 
and Taenia are sister genera.  
In conclusion, the present study determined and 
characterized  the  complete  mtDNA  sequence  of  S. 
erinaceieuropaei from China, which is slightly shorter (2 
bp)  than  that  of  S.  erinaceieuropaei  from  Japan,  and 
both mt genomes differed by 0.9% only, refuted our 
hypothesis. These mtDNA sequences should provide 
novel genetic data for addressing further questions in 
systematics  and  population  genetics  of  these  and 
other related cestodes of socio-economic significance. 
 
 
 
 
 
Fig. 2 Sliding window analysis of the alignment of complete mtDNAs of Pseudophyllidea cestodes. The black line shows the value of 
nucleotide diversity Pi (π) in a sliding window analysis of window size 300 bp with step size 10, and the value is inserted at its mid-point. 
Gene boundaries are indicated with a variation ratio per gene. 
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Fig. 3 Sliding window analysis of the alignment of complete mtDNAs of Spirometra erinaceieuropaei from China and Japan. The black line 
shows the value of nucleotide diversity Pi (π) in a sliding window analysis of window size 300 bp with step size 10, and the value is inserted 
at its mid-point. Gene boundaries are indicated with a variation ratio per gene. 
 
 
 
Fig. 4 Inferred phylogenetic relationships among cestodes based on amino acid sequences of 12 mitochondrial protein-coding genes using 
Bayesian inference (Bayes) and maximum likelihood (ML) analysis, using Ascaruis suum (GenBank accession number HQ704901) as the 
outgroup. The numbers along branches indicate posterior probability (PP) and bootstrap probability (BP) values resulting from different 
analyses in the order of Bayes/ML. Values lower than 70 are given as "-". 
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